2 The introduction and establishment of fall armyworm (Spodoptera frugiperda) in Africa presents 3 a major threat to agriculture in that continent and potentially to the entire Eastern Hemisphere.
86
In this paper, the distribution of genetic markers in Africa was examined in more detail 87 and compared with observations from the Western Hemisphere. Previously reported 88 disagreements between the COI and Tpi markers in African populations [9, 10] were quantified 89 and reinterpreted from the perspective of interstrain hybrids. The presence of the R-strain and 90 the possible impact of hybrids on mating behavior were examined by the application of the Tpi 91 heterozygosity methodology on the African fall armyworm populations. We first tested whether 92 this methodology was sufficiently robust to detect strain-specific heterozygosity differences in Table  110 111 DNA Preparation and PCR amplification.
112
Individual specimens were homogenized in 1.5 ml of phosphate buffered saline (PBS, 20
113 mM sodium phosphate, 150 mM NaCl, pH 8.0) using a tissue homogenizer (PRO Scientific Inc., 114 Oxford, CT) or hand-held Dounce homogenizer and the homogenate transferred to a 2-ml 115 microcentrifuge tube. Cells and tissue were pelleted by centrifugation at 6000g for 5 min. at 116 room temperature. The pellet was resuspended in 800 µl Genomic Lysis buffer (Zymo Research, 117 Orange, CA) by vortexing and incubated at 55°C for 5 min. Debris was removed by 118 centrifugation at 10,000 rpm for 3 min. The supernatant was transferred to a Zymo-Spin III 119 column (Zymo Research, Orange, CA) and processed according to manufacturer's instructions.
120
The DNA preparation was increased to a final volume of 100 µl with distilled water. Genomic 121 DNA preparations of fall armyworm samples from previous studies were stored at -20°C. [43] . For the purposes of this study they were considered non-specific, with site e4 192 157 serving as the representative for both. The polymorphism associated with all five SNPs is a 158 choice between C or T, neither of which alters the presumptive amino acid sequence. 
170
The PCR amplified fragment produced by the primer pair Tpi412F/1140R contains both 171 SNP sites and can be simultaneously read from a single sequencing run using Tpi412F as primer.
172
The Tpi gene is Z-linked and so is hemizygous in females (ZW) and either homozygous or 173 heterozygous in males (ZZ) with respect to the e4 183 and e4 192 SNPs. Sequencing of the PCR 174 product amplified from genomic DNA can distinguish between homozygotes and heterozygotes, 175 with the latter identified by overlapping chromatographs at the polymorphic site ( Fig. 2B ).
176 However, this method cannot distinguish hemizygotes from homozygotes, which is not relevant 177 for trap collections where all specimens are males but is a consideration with larval collections 178 where both sexes are present but not identified.
179
180 Detecting strain-specific assortative mating in field populations.
181
The rationale for using the inbreeding coefficient F to assess strain mating behavior is 182 based on the assumption that the frequency of heterozygosity of two SNPs that differ in strain 183 distribution but are otherwise similar (i.e., are located in the same exon, have the same neutral 184 polymorphic alternatives, and are detected by the same set of PCR amplification and DNA 185 sequencing reactions) will depend on the frequency of mating between strains relative to that 186 occurring within strains [43] .
187
The frequencies of the C-allele and T-allele for each SNP were estimated using Hardy- [23] . This is illustrated by the Western Hemisphere larval collections from C-strain 248 plants where the proportion of the COI-CS TpiR configuration among discordants (27%) was 249 significantly lower than the 73% mean frequency of COI-RS TpiC specimens (Fig. 4A) . A 250 similar but more extreme trend was found in Africa, where in each of the four regions nearly all 251 discordant specimens were COI-RS TpiC (Fig. 4B) . 
261
Earlier studies demonstrated that comparisons of heterozygosity frequencies of SNPs that 262 differ in their degree of strain-specificity could provide evidence of reduced interstrain 263 hybridization in field populations [43] . The initial studies were based on pheromone collections 264 from the same location and time period, which were presumed to represent a single mating 265 population with the allele frequencies observed used to calculate the inbreeding coefficient, F.
266 Such collections consistently showed a higher F value for the strain-specific e4 183 SNP (F 183 )
267 compared to that of the non-specific e4 192 SNP (F 192 ) independent of location ( Fig. 5A ). (Fig. 5C ). (Fig. 1) .
310 Discussion
311
The inbreeding coefficient F describes the difference between the observed 312 heterozygosity (H o ) of a particular allele and the heterozygosity expected (H e ) as calculated from 313 the parental allele frequencies and based on assumptions of random mating and equal fitness of 314 the resultant products. In the absence of reproductive barriers between parents the expected 315 relationships will be H o = H e and F = 0, while the existence of reproductive barriers will result in 316 H o < H e and F approaching +1. This methodology was used in a previous study to demonstrate 317 the existence of reproductive barriers between fall armyworm host strains that could be detected 318 in field populations. It showed that F for strain-specific e4 183 SNP on average 4-fold larger than 319 the F of the nearby e4 192 SNP that is less strain-specific, consistent with a significantly reduced 320 frequency of interstrain hybridization [43] .
321
In this study the method was shown to be viable in composite collections from different 322 time periods and locations, even when using larval specimens of undetermined gender. This 323 allows for the pooling of collections with small sample sizes, making possible analysis of the 324 larval African specimens grouped by geographical region. The one limitation are collections 325 where only a single parental allele is present as heterozygotes in these cases are not possible.
326
327 Are both fall armyworm strains present in Africa?
328
The presence of the R-strain in Africa is based on mitochondrial markers primarily in the 329 COI gene [8] [9] [10] [11] , but is made uncertain by three observations. First, there are widespread reports 330 throughout the sub-Sahara region of fall armyworm infestation in corn and sorghum, two hosts 331 preferred by the C-strain, but major infestations in host plants preferred by the R-strain have yet 332 to be documented. Second, over 95% of the specimens tested from multiple locations in Africa 333 expressed the C-strain diagnostic TpiC marker [9, 10] , indicating that the R-strain population as 334 defined by Tpi is rare. Third, and more problematic, is that the majority of the TpiC specimens 335 express the R-strain COI-RS haplotype. These observations indicate that the COI strain markers 336 are in substantial disagreement with both host plants and Tpi. Recently, two other mitochondrial 337 genes (cyt b and COIII) were characterized in fall armyworm collected from Uganda and shown 338 to exhibit strain-specific SNPs [11] . The strain identity defined by the cyt b and COIII markers 339 were consistent with each other and with those found in COI. The equivalence of these 340 mitochondrial markers with respect to identifying host strains indicates that the disagreement 341 with Tpi goes beyond COI and involves multiple segments of the mitochondrial genome.
342
If the mitochondrial haplotypes are not reliable markers of strain identity in the African 343 fall armyworm populations then there is little current evidence supporting the presence of an 344 African R-strain. The absence of a significant R-strain population would be consistent with the 345 comparative heterozygosity F study that found no evidence of strain-specific mating barriers in 346 the Africa populations. In summary, at this point the best available evidence is that the R-strain is 347 not present in significant numbers in Africa. The question then is what happened to the COI 348 marker?
349
One possibility is that the African fall armyworm population is made up of the C-strain 350 and interstrain hybrids, with the R-strain either absent or too low to be detected by the 351 comparative heterozygosity studies. The rationale for this proposal is outlined in Figure 7 .
352 Discordance between COI and Tpi is presumed to have occurred due to interstrain crosses, which 353 can occur in two directions with each producing the TpiR/TpiC heterozygote (Fig. 7A, B) .
354 Subsequent mating of the hybrids to each other or a backcross to the parental male will generate 355 the discordant configurations. Figure 7C shows the Africa haplotype data (from Fig. 3) 402 are the two strains, thereby tending to increase the proportion of progeny produced by interstrain 403 crosses. If this promotion of hybrid frequencies is greater than the reproductive barriers that limit 404 productive mating between strains, it is plausible that a hybrid population could emerge and 405 predominate.
406
The expected proportions of the two strains would depend on multiple factors that 407 include the initial composition of the invasive propagule, the availability of host plants, and 408 subsequent stochastic events. If the initial contaminated product was a C-strain host, a majority 409 C-strain in the initial introductory population is likely, increasing the probability of its survival in 410 the established population and conversely the marginalization and eventual loss of the R-strain. 
417

It is noteworthy that the COI-RS TpiC class is much greater than the reciprocal COI-CS
418 TpiR discordants in Africa, just as it is in the Western Hemisphere. This indicates that the set of 419 matings initiated by female R-strain crossed to male C-strain (Fig. 7A) is much more frequent 420 and/or productive than the reciprocal (Fig. 7B ). This observation does not appear to be consistent 421 with other findings indicating that the female R-strain crossed to male C-strain mating (but not 422 the reciprocal) produced daughters with significantly reduced fertility [39] . The reason for this 423 apparent inconsistency is unknown but suggests the possibility of unknown complexity and 424 variability in the nature of the reproductive barriers between strains. 431 Evidence is presented that suggest the Africa fall armyworm populations is primarily composed 432 of interstrain hybrids with a C-strain minority population. 
